Abstract -This study examined the relationship between saccharin drinking, open field behaviour and ethanol drinking in Wistar rats. Correlational analysis revealed that both absolute saccharin drinking and an increase in total fluid intake in the presence of saccharin positively correlated with the initial acceptance of increasing ethanol concentrations in a two-bottle choice situation (2-8% v/v ethanol vs water). This relationship disappeared, however, during further weeks of ethanol drinking when ethanol was available in a three-bottle choice situation (8% ethanol vs 16% ethanol vs water). In contrast, none of the behavioural parameters measured in the open field test (forward locomotion, rearings, central entries, time in central area) correlated with subsequent ethanol consumption. These results indicate that saccharin dnnking, rather than open field parameters, may predict subsequent ethanol intake during the initial period of exposure to low ethanol concentrations.
INTRODUCTION
Both humans and laboratory animals exhibit considerable individual differences in their propensity to ingest sweet substances (Yamamoto et al, 1991; Nadal et al, 1996) . Interestingly, it has been repeatedly reported that rodents with a high preference for sweet substances (e.g. saccharin or sucrose solutions) consume more ethanol (ethyl alcohol, alcohol) than those with a low preference for these substances (Gosnell and Krahn, 1992; Sinclair et al., 1992; Stewart et al., 1994; Bachmanov et al., 1996) . Importantly, this positive relationship has been reported for both genetically selected alcohol-preferring (Sinclair et al., 1992; Kampov-Polevoy et al, 1996) and outbred strains (Gosnell and Krahn, 1992; Overstreet et al, 1993) of rats.
The interaction between the intake of sweet substances and preference for ethanol seems not to be limited to rodents. Interestingly, the increased ethanol intake among adolescent humans was correlated with an increased intake of sugars and *Author to whom correspondence should be addressed.
sweets (Yamamoto et al., 1991) . Moreover, alcoholics who had the longest periods of postdetoxification sobriety reported an increased intake of sugar (Yung et al., 1983) . Craving for sweet is also frequently reported by opiate addicts (Weiss, 1982) . Thus, both animal and human data suggest that a common neurochemical system(s) may mediate positive reinforcing properties of sweets and abused drugs (Gosnell et al., 1995) . An increase in dopaminergic activity within the nucleus accumbens septi (NAS) has often been implicated in drug-induced reward processes (Koob and Bloom, 1988; Wise and Rompre, 1989) . Oral saccharin infusion may also increase dopamine (DA) release in the NAS (Mark et al., 1991) . Interestingly, Agmo et al. (1995) have reported that sucrose-induced conditioned place preference is blocked by a dopamine receptor antagonist, cis-flupenthixol. There is also a growing body of evidence linking consumption of sweet substances and ethanol to the brain opioid system. For example, opioid receptor antagonists reduce both ethanol and saccharin drinking in rats (Gosnell and Majchrzak, 1989; Hubbell et al, 1991) . On the other hand, opioid receptor agonists have been shown to increase both saccharin and ethanol intake (Lynch, 1986; Froehlich et al, 1990) . Thus, both dopaminergic and opioidergic transmission might be common neurochemical substrates for sweets and drug reinforcement (Koob and Bloom, 1988; Agmo et al, 1995; Gosnell et al., 1995) .
Interestingly, rodents dramatically increase their total fluid intake (TFI) when saccharin solution is offered along with water (KampovPolevoy et al., 1995) . It has been reported that the increase of TFI when saccharin is offered is a better predictor of subsequent ethanol consumption than saccharin intake and preference. The increase in TFI in the presence of saccharin has been proposed to model the clinical phenomenon known as 'loss of control' . Loss of control over drug intake is currently considered as a core clinical feature of any drug addiction (Wolfgramm and Heyne, 1995; Spanagel et al., 1996) . In some recently developed animal models of alcoholism, 'uncontrolled' intake of ethanol is thought to be reflected by an alcohol deprivation effect (ADE) (Wolfgramm and Heyne, 1995; Spanagel et al, 1996) defined as a transient increase in ethanol consumption/ preference after a short period of deprivation.
It has been repeatedly shown that rats with the highest locomotor response to novel environment (high responders, HR) also exhibit a higher locomotor response to psychostimulant drugs and acquire amphetamine self-administration more readily than low responders (LR) (Piazza et al, 1989 (Piazza et al, , 1990 Exner and Clark, 1993) . According to the psychomotor stimulant theory of addiction, abused drugs share a common link to both their rewarding and motor-activating effects (Wise and Rompre, 1989) . Notably, central dopaminergic transmission has been suggested to be a common neurochemical substrate for both rewarding and locomotor stimulant effects of drugs (Koob and Bloom, 1988; Piazza et al, 1989 Piazza et al, , 1990 . In line with the above, the higher reactivity of the mesolimbic dopaminergic system, namely the NAS, has been proposed as an explanation for higher reactivity of HR rats to amphetamine-or cocaine-induced neurochemical and behavioural events (Piazza et al., 1989; Hooks et al., 1991) . However, in the case of ethanol, the situation is less clear. For example, Bisaga and Kostowski (1993) as well as Samson and Chappelle (1995) , using non-selected Wistar rats, reported no correlation between a spontaneous locomotor activity and ethanol consumption in a choice situation. Similarly, no consistent relationship between locomotor activity in a novel environment and ethanol intake has been observed for genetically selected lines of alcohol-preferring and -non-preferring rats .
Many human studies revealed that anxiety disorders are common among alcoholics both in the community and in clinical settings (for review see Kushner et al, 1990; Kranzler, 1996) . The self-medication hypothesis has often been cited to explain this high correlation between anxiety symptoms and alcohol abuse (Satinder, 1982; Kranzler, 1996) . However, neither clinical nor animal studies consistently supported this hypothesis (Baldwin et al, 1991; Chutuape and de Witt, 1995; Viglinskaya et al, 1995; Kranzler, 1996) . Anyway, it seems that patients with at least some anxiety disorders (e.g. agoraphobia or social phobia) may use alcohol as a form of selfmedication (Kushner et al, 1990; Kranzler, 1996) . Similarly, some rat lines selected for their high preference for alcohol, e.g. Sardinian Preferring (sP) rats, seem to be more 'anxious' than their non-drinking partners -Sardinian NonPreferring (sNP) rats -in some animal models of anxiety (Colombo et al, 1995) .
The purpose of the present study was twofold. First, the study was intended to confirm the positive relationship between saccharin drinking/ preference and ethanol intake reported previously by others (see above). Moreover, we aimed to assess the relationship between two presumed experimental measures of loss of control over behaviour, i.e. the increase in TFI in the presence of saccharin and the ADE after a short period of alcohol deprivation Spanagel et al, 1996) . Second, we wanted to assess possible relationships between the parameters of spontaneous locomotor activity (forward locomotion and rearings) in a novel, open field environment and subsequent ethanol consumption. In addition, the same analyses were performed for entries into the central area of the open field and the time spent in the central area. These last two parameters of open field behaviour are thought to be inversely related to a level of neophobia (Stefanski et al, 1992; Plaznik et al, 1994) . Based on the self-medication hypothesis mentioned above, one could predict a negative relationship between exploration of the central area and ethanol intake.
MATERIALS AND METHODS

Subjects
Twenty-four male Wistar rats (275-350 g at the beginning of the study) were used. The rats were received from a licensed breeder (HZL, Warsaw, Poland) 2 weeks before the start of the investigation. During this time the animals were housed six to a cage, weighed and handled several times. The rats were kept under standard laboratory conditions [at 22 ± 1°C, 60% relative humidity, and a 12 h light/12 h dark cycle (lights on at 07:00)]. After 2 weeks of acclimatization the subjects were transferred to individual wire cages (20 x 25 x 28 cm, L x W x H) with two graduated drinking tubes mounted at the front. During the whole investigation the subjects had free access to standard lab chow (Bacutil, Poland) and tap water. Fluid intake was measured daily at 10:00, and body weights were recorded once a week throughout the study. All experimental procedures were reviewed and approved by our institutional Ethics Committee.
Saccharin drinking test
After 1 week of habituation to their individual home cages (i.e. 3 weeks after receipt from the supplier), the subjects were used in a 48 h saccharin drinking test. During the saccharin drinking test, the animals were given a choice between a saccharin solution (0.1 % w/v; saccharin sodium salt, Aldrich, Dorset, UK) and tap water. The position of bottles was changed after 24 h to prevent place preference. For each fluid an intake measure was obtained, averaged across 2 days of choice and corrected for body weight of the subject (ml/kg/24 h). In addition, saccharin preference (%) was calculated by dividing the volume of saccharin consumed by the volume of the total fluid intake (TFI) and multiplying by 100. The increase in the TFI in the presence of saccharin was calculated as a percentage difference between the TFI when saccharin was available and a control TFI when only water was available (Kampov-Polevoy et ai, Saccharin drinking was expressed in ml/kg/24 h. The number of rats tested was 24.
1995). The mean water intake (ml/kg/24 h) during the 2 days preceding the saccharin drinking test was treated as the control TFI.
Open field test
One week after the completion of the saccharin drinking test the rats were used in the open field test. The open field apparatus consisted of four identical, computer-controlled cages (60 x 60 x 40 cm; COTM, Biatystok, Poland) located in an air-conditioned, dimly lit enclosure with a background white noise of 50 dB. Each cage was transected by two perpendicular, coplanar arrays of 16 infra-red photocells (located 3 cm above floor level) which were intended to measure forward locomotion by determining the rat's position every 0.1 s. The forward locomotion was defined as a distance (in inches) travelled by the rat during the 20 min test session. Another set of photocells located 15 cm above the cage floor measured the number of rearings. In addition, the number of entries into the central area (30 x 30 cm) and the time (s) spent in the central area were assessed (Stefanski et al., 1992) . The open field data were gathered and analysed by an IBM-compatible PC equipped with software and interface (COTM). After an initial habituation of 20 min to the test room, each rat was introduced to the test cage for another 20 min. The cages were carefully cleaned between the recordings. The test sessions were conducted between 10:00 and 14:00 to avoid errors attributable to variation in motor activity of the day activity cycle (File and Day, 1972 
Ethanol drinking
One week after the completion of the open field test, the ethanol drinking tests were initiated. The animals were first exposed to increasing concentrations of ethanol and tap water in a two-bottle choice situation. The drinking tubes were rotated daily to prevent position preference. Every concentration was offered for either 2 or 4 days (2, 3 and 4% v/v ethanol: 2 days; 5, 6, 7 and 8% v/v ethanol: 4 days). Thus, the two-bottle choice tests lasted for 22 days. Then, for the next 28 days the animals were presented with two different ethanol solutions (8 and 16%) and tap water (a three-bottle choice test).
After 50 days of continuous access to alcohol and water, the rats were deprived of alcohol for 5 days. During the deprivation period, water was available in all three bottles. After the 5-day deprivation period, both alcohol solutions were presented again along with water. To assess ADE, i.e. a change in the ethanol intake after deprivation, ethanol drinking was measured for 3 days before and after deprivation (Spanagel et al., 1996) . Thus, positive and negative values of ADE reflected respectively the increase or decrease in ethanol consumption after deprivation. The ethanol solutions were prepared from 95% v/v ethanol and tap water. All solutions were completely replaced twice a week. Multiple regression analysis was employed for testing the influence of behavioural variables on ethanol intake ('Statistica' software package). Due to a risk of a Type I error, P < 0.01 was considered significant.
RESULTS
The saccharin drinking and open field test parameters are summarized in Table 1 . Saccharin drinking did not correlate with the open field parameters (r values ranged from -0.001 to + 0.28; all P values >0.20). The intakes of increasing ethanol concentrations are presented in Fig. 1 . The ethanol intake was highest (5.09 ± 0.49 g/kg/24 h) when 8% ethanol was presented. After the first 7 days of the three-bottle choice test, ethanol consumption dropped to 3.89 ± 0.41 g/kg/24 h and remained stable for the next 3 weeks. The ADE for all 24 rats was negligible: 0.12 ± 0.25 g/kg (P > 0.8, Mest). However, considerable individual variations were observed with the ADE value ranging from -3.1 to 2.2 g/kg. The drinking of 16% ethanol remained virtually unaffected by the deprivation. The mean increase in the 16% ethanol consumption was 0.098 ± 0.21 g/kg, though some rats clearly switched from 8 to 16% ethanol solution after the 5-day deprivation period. There was a negative correlation between the terminal ethanol intake and the magnitude of ADE (r = -0.58, P < 0.01). Notably, this relationship was not significant for subsequent ADE values measured in these rats (E.
Koros et al., unpublished work).
As shown in Tables 2 and 3 , both saccharin intake and the increase in total fluid intake (TFI) in the presence of saccharin were significantly and positively correlated with the initial ethanol acceptance in the two-bottle choice situation, i.e. when water and increasing concentrations of ethanol were offered. On the other hand, the saccharin drinking parameters did not correlate with the ethanol drinking in a three-bottle situation, i.e. when water, 8% and 16% ethanol were presented (see also Fig. 2 ). Similar findings were obtained for saccharin preference (data not shown). None of the saccharin drinking parameters correlated with the ADE.
As shown in Tables 4 and 5 , neither the forward locomotion (Table 4 ) nor the number of rearings (Table 5) were significantly correlated with ethanol intake. There was a non-significant trend (0.01 < P < 0.05) towards negative correlation between rearings and ethanol intake during the third week of the three-bottle choice test. There were no significant correlations between either central entries or the time spent in the central area and ethanol intake (r values ranged from +0.02 to + 0.2; all P values >0.35). None of the open field parameters correlated with increased ethanol intake after deprivation (ADE).
ADE was also calculated for the first 24 h of ethanol drinking after deprivation. As expected, this manipulation led to the higher, though still non-significant. ADE (mean increase: 0.46 ± 0.37 g/kg; P > 0.3). Neither the open field Fig. 2 . Correlations between the increase in total fluid intake (TFI) in the presence of saccharin and ethanol intake in the free choice tests. In (A), positive correlations (r = 0.69, P < 0.0001) are shown for the ethanol two-bottle choice test (4% ethanol vs water), whereas in (B), a non-significant correlation (r = 0.16, P = 0.42) is shown for the ethanol three-bottle choice test (8% ethanol vs 16% ethanol vs water, week 4).
nor the saccharin drinking parameters correlated with the above ADE (r values ranged from +0.06 to +0.31; all P values >0.15).
DISCUSSION
The results of the present study confirm previous reports that saccharin drinking/preference and the increase in TFI in the presence of saccharin are positively associated with subsequent ethanol consumption in rats and mice (Overstreet et al., 1993; Stewart et al., 1994; Kampov-Polevoy et al., 1995 , 1996 Bachmanov et al., 1996) . Interestingly, saccharin preference did not correlate with subsequent lever pressing for ethanol under a fixed ratio schedule of reinforcement (Bell et al., 1994) . The present experiments with Wistar rats clearly show that the association between saccharin drinking and ethanol intake diminishes over the prolonged period of ethanol consumption. Moreover, none of the saccharin drinking parameters, including the increase in TFI in the presence of saccharin, was associated with ADE in our rats. Notably, The number of rats tested was 21. Kampov-Polevoy et al. (1996) have reported that the correlation between saccharin and ethanol intake was strongest for initial ethanol drinking in the first 5 days of ethanol presentation. However, the alcohol concentration was increased progressively during the first 22 days of access in the present study. Accordingly, saccharin intake predicted consumption of low ethanol concentrations and we cannot clearly separate the effects of concentration from the length of alcohol experience. The present investigation is a part of a longstanding study design to model a psychological dependence on alcohol (for details see Wolfgramm and Heyne, 1995; Spanagel et al., 1996) . Our recent unpublished observation indicates that saccharin drinking behaviour is very stable over time, as all saccharin drinking parameters derived from the first and second saccharin drinking test (performed 6 months after the start of the present investigation) were highly correlated (r values >0.9). However, the saccharin drinking variables derived from either of the two tests did not correlate with ethanol intake and the ADE values measured at later time points of the study (E. Koros et al., unpublished work) . Accordingly, in Wistar rats, saccharin drinking behaviour seems to be positively associated only with an initial acceptance of relatively low ethanol concentrations but not with ethanol consumption over a The number of rats tested was 21 longer time scale. The situation seems to be different in humans. In a recent clinical study, Kampov-Polevoy et al. (1997) have shown that a majority (80%) of their alcoholic patients were sweet-likers, i.e. preferred high sucrose concentrations (0.42 and 0.83 M). In contrast, only 41% of the control group of non-alcoholic subjects preferred highly concentrated sucrose solutions (Kampov-Polevoy et al, 1997) . It should be noted, however, that our paradigm differs substantially from the clinical study mentioned above, as we have used only one concentration of saccharin. Using a variety of sweet concentrations, Sinclair et al. (1992) reported that alcoholpreferring rat lines accepted much higher sweet concentrations than their alcohol non-preferring partners. As noted before, both dopaminergic and opioidergic transmission have been shown to be involved in the reinforcing effects of sweets and ethanol (Hubbell et al., 1991; Agmo et al., 1995) . These results may explain the association between saccharin and alcohol intake found in the present study.
In line with many previous papers (Bisaga and Kostowski, 1993; Fahlke et al., 1995; Samson and Chappelle, 1995) , spontaneous locomotor activity during a single exposure to a novel environment (open field) failed to predict ethanol intake in our rats. Instead, we have found a non-significant trend towards negative correlation between the number of rearings and ethanol consumption in the three-bottle test. Recently, Nadal et al. (1996) reported that high ethanol-consuming rats showed a tendency towards fewer numbers of rearings in the open field arena. In line with the above, Gingras and Cools (1995) have shown that their HR rats drank significantly less alcohol that LR rats. It is noteworthy that Goeders and Guerin (1996) have shown no association between the locomotor response to a novel environment and cocaine intake for rats that acquired self-administration with a 0.125 mg dose of cocaine. In general, the data cited above and our present findings fail to support the hypothesis (Piazza et al., 1989; Wise and Rompre, 1989 ) that similar neurochemical mechanisms (i.e. DA transmission) are involved in both spontaneous locomotor activity and drug reinforcement.
In agreement with our previous report (Bisaga and Kostowski, 1993) , behavioural emotionality in the open field test was not associated with ethanol consumption. Thus, neither central entries nor the time in the central area correlated with ethanol intake in the present investigation. Some authors have also shown a lack of association between behavioural emotionality in different animal models of anxiety and subsequent ethanol consumption (Tuominen et al., 1990; . Baldwin et al. (1991) have even reported that genetically selected alcohol-preferring P rats were actually less 'anxious' than their alcohol-non-preferring NP partners. In contrast, there were several reports indicating the inverse relationship (Fahlke et al., 1993; Stewart et al., 1994; Colombo et al., 1995; Spanagel et al., 1995) . Thus, animal studies give rather limited support for the self-medication hypothesis (see Introduction). Certainly, further studies using a battery of pre-clinical models of anxiety are warranted to clarify this problem.
In conclusion, our results indicate that: (1) saccharin consumption in non-selected Wistar rats may only predict their initial acceptance of ethanol; (2) open field behaviour is not systematically associated with ethanol intake; (3) neither saccharin drinking nor open field behaviour is correlated with the so-called ADE.
